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(54) Abstract Title 

Etching using an ink jet print head 



(57) A method is provided for etching a pattern in a material by selectively depositing onto the material 
droplets of a substance for dissolving or reacting chemically with the material. 

The droplets may be deposited from a print head of the type having a nozzle from which the material 
may be ejected as a series of droplets, such as an ink jet print head. 

In a preferred application, a series of ridges 40 can be etched from an organic insulator layer overlying a 
photoemissive organic polymer 6. A conductive layer 42 is then deposited and the ridges 40 of organic 
insulator are dissolved by solvent washing to provide an array of conductive strips which can be used as a 
cathode for an electroluminescent display device. 

The print head can also be used to provide by etching a series of ridges of an organic polymer. A 
transparent conducting polymer is then deposited between the ridges. The ridges are then dissolved by 
solvent washing to provide an array of strips of the conducting polymer which can be used as an anode in a 
display device. 

In combination, both anode and cathode can be fabricated for a display device without the need for 
photolithography, which is particularly advantageous for the fabrication of large area display devices. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Fig.6A. 

1st droplet of solution 
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Fig.6D. 

2nd droplet of solution 
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Fig.6B. 

Partial dissolving of the 
top layer into the solution 
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Fig.6C. 

Ring-shaped deposition of 
the material of the top layer 
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Fig.8(Cont.) 
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Fig.8(Cont.) 
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ETCHING PROCESS 
The present invention relates to etching of materials. 

In many modern industrial processes it is necessary to etch intricate and accurately 
defined patterns in a material. The etching may be confined to within the material or the 
etching process may be continued until the material is etched through, thereby to expose an 
underlying material. In many industrial applications such as, for example, the fabrication of 
electronic, optical or optoelectronic devices, the etching steps form a very critical phase of 
device fabrication, as the etching process usually dictates the accuracy to which the devices 
are ultimately manufactured. 

The use of etch masks, such as photo masks or shadow masks, is well known in such 
fabrication techniques. Hence, these processes will not be described in detail in the context of 
the present invention. However, in recent years, new forms of devices have been proposed 
for which such conventional etching techniques present severe process concerns. 
Furthermore, the etching of relatively long but extremely narrow lines has, for a long period 
of time, presented severe fabrication difficulties as it is very difficult to produce mechanically 
robust etch masks which will provide the required definition in the finished product. 

Other concerns are also known to exist with known etching techniques. For example, 
in certain processes where it is required to etch through a layer of material to expose a pattern 
of an underlying material, such as a substrate, the surface of the substrate usually exhibits a 
degree of uneveness which can be regarded as a series of peaks and troughs. Therefore, to 
etch through the material to leave an exposed pattern of the substrate without any residue of 
the material being etched usually requires the etch process to be continued after initial 
exposure of the peaks on the surface of the substrate. The substrate itself is therefore also 
etched in the etching process. In many cases this may be undesirable as the substrate surface 
may have been provided with a very thin coating and therefore the etch process must 
necessarily be very carefully controlled to ensure that over etching does not occur. 
Additionally, extensive research is now taking place into the use of semiconductor organic 
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materials in electronic devices, for example display devices, incorporating electroluminescent 
organic polymer light emitting diodes or integrated circuits incorporating organic polymer 
transistors. Conventional known etching processes present even greater concerns for the 
fabrication of such devices, as will be outlined below. 

Electroluminescent displays represent a novel approach for fabricating high quality, 
multicolour displays. In an electroluminescent display a soluble polymer is deposited onto a 
solid substrate, such as for example, glass, plastics or silicon. Inkjet printing techniques have 
been proposed to deposit the soluble polymers not only because of the relatively low cost of 
such techniques but also because of the ability to use inkjet technology for large area 
processing and, therefore, the fabrication of relatively large area displays. For a multicolour 
electroluminescent display a number of soluble organic polymers may each be deposited as an 
array of dots of the polymers to provide the red, green and blue emissive layers for the 
display. The use of an inkjet technique makes this deposition of different polymers possible 
without deterioration of the polymer materials caused by the patterning processes. 

Generally, two kinds of driving scheme can be used to address the pixels of the 
display. One is a passive matrix and the other is an active matrix scheme. The active matrix 
has patterned anode pixels, each with thin film driving transistors (usually two per pixel as the 
organic polymers are current driven devices) and a common cathode. In order to fabricate the 
patterned anode pixels and the thin film transistors (TFT's), conventional photolithographic 
technology is generally used. This process is carried out before the deposition of the organic 
layers so it does not affect the performance of the organic polymer materials. Fine patterning 
to fabricate the cathode is not required as the cathode may be a conductive layer common to 
all of the pixels. Hence, the common cathode can be fabricated over the organic layers using 
an evaporation technique, with the use of a metal shadow mask to define the edge frame of 
the cathode. 

The passive matrix driving scheme uses patterned anodes and cathodes arranged as 
mutually perpendicular row and column electrodes on either side of the organic polymer 
emissive layers. In terms of the deposition of a cathode, the active matrix scheme is easier to 
fabricate, but the active matrix scheme still costs more to produce than the passive matrix 
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scheme due to the formation of the TFT's for each pixel. Hence, the preferred way of driving 
such a display is to use a passive matrix addressing scheme. However, there are significant 
technical difficulties associated with the patterning of the anode and, in particular, the cathode 
for such displays. 

The anode may be fabricated directly onto the substrate prior to the deposition of any 
soluble organic polymer layer. The anode is usually fabricated from indium tin oxide (ITO), 
as this material is conductive and relatively transparent. The ITO layer is formed as a 
continuous layer on the substrate and is then patterned using a photolithographic process to 
provide the anode array. However, the photolithographic process requires the use of a photo 
mask. Whilst such photo masks are commonly used to fabricate the anode array, their use 
becomes increasingly difficult as the size of the display area increases because problems are 
encountered in maintaining the required accuracy of definition throughout all areas of the 
mask. For use with large area electroluminescent displays, the use of such photo masks 
becomes prohibitively expensive which negates the potential cost benefits arising from the 
use of the relatively inexpensive organic polymer materials. 

With regard to the cathode, the patterning of the cathode for an organic polymer 
display gives rise to significant difficulties. The cathode must necessarily overlie a soluble 
organic polymer layer. The traditional photolithographic techniques cannot be used for the 
patterning of the cathode as the etchants used severely damage or degrade the underlying 
organic materials. Other techniques have, therefore, been proposed for cathode patterning, 
such as the use of a stainless steel shadow mask, but such masks lack the required resolution 
in the fabricated array. Furthermore, the use of pre-patterned mushroom shaped photoresist 
dividers has also been proposed but such dividers are costly to produce and, in view of their 
fabrication process, are not suitable for large area patterning. 

It has also been proposed to pattern a shadow mask through the use of inkjet printing 
of inert polymers followed by a lift off step using an adhesive tape. However, such a process 
suffers from poor resolution and usually gives rise to an unacceptably high density of defects 
in the achieved cathode array. 
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It can be seen, therefore, that there is a need to be able to reliably fabricate well 
defined patterns in a material, including relatively long but extremely thin narrow lines, by a 
process which does not rely on the use of a photo mask or a shadow mask. Furthermore, there 
is also a need to be able to readily select the etching substances so that an underlying layer to 
a layer to be etched can act readily as an etch stop layer for the selected etch substance. This 
would assist significantly the etching process as the etch step could be continued to ensure 
good definition in the etch pattern without concern for damaging or contaminating the 
underlying layer. This is particularly so for the fabrication of organic polymer devices such 
as organic polymer displays, where such a process could then be adopted to enable the anode 
and the cathode for the display to be fabricated by a cost effective solution, even for large area 
displays, without the contamination concerns arising from the use of known etch processes. 

According to a first aspect of the present invention there is provided a method of 
etching a material comprising depositing onto the material in the form of droplets a substance 
for dissolving or reacting chemically with the material. 

Preferably, the substance is deposited from a print head of the type having a nozzle 
from which the material may be ejected as a series of droplets. Advantageously, the method 
comprises etching through the material to expose an area of an underlying material. 

Most advantageously, the underlying material comprises an etch stop layer for the 
substance. 

In a preferred arrangement the method comprises etching an array of holes in the 
material thereby to provide an array of exposed areas of the underlying material. 

In an alternative arrangement the method comprises exposing an area of the 
underlying material in the form of an elongate strip. 

Advantageously, the method comprises exposing a plurality of elongate strips of the 
underlying material. 
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Preferably, the elongate strips are substantially parallel so as to provide an array of 
substantially parallel elongate strips of exposed areas of the underlying material spaced by 
elongate strips of the material. 

Most preferably, the or each elongate strip has a width less than the diameter of a 
droplet of the substance upon deposition onto the material. 

In a preferred arrangement, the material includes boundary portions defining the or 
each elongate strip and wherein further droplets of the substance are deposited onto one of the 
boundary portions, thereby to cause the said one of the boundary portions to migrate towards 
the other boundary portion and reduce the width of the elongate strip. 

Advantageously, the method further comprises etching the exposed area or areas of the 
underlying material using a dry or a wet etch process. 

Preferably, the exposed area or areas of the underlying material are etched by 
depositing a further substance from a print head of the type wherein the further substance is 
deposited from a nozzle in the form of droplets. 

Most preferably, a further material is deposited into contact with the exposed area or 
areas of the underlying material. 

The further material may be deposited as a layer overlying the material and extending 
into contact with the exposed area or areas of the underlying material. 

Advantageously, the further material is selectively deposited by evaporation or 
sputtering. 

In an alternative arrangement the further material is selectively deposited in liquid 
form on to the exposed area or areas of the underlying material from a print head of the type 
in which the further material is deposited in the form of droplets from a nozzle. 
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Most advantageously, the exposed area or areas of underlying material has a 
wettability for the further material which is greater than the wettability of the material for the 
further material so as to provide self alignment of the further material on the exposed area or 
areas of underlying material. 

In a first preferred arrangement the material is removed to provide an area or areas of 
the further material. 

Advantageously, the material comprises an organic material, the substance comprises 
a solvent for the organic material and the further material comprises a layer of conductive 
material. 

Preferably, the conductive material comprises a material which has a work function of 
less than about 4.0 electron volts. 

The underlying material may comprise polyfluorene or copolymer of fluorene in 
combination with a conjugated molecule group and the organic material may comprise 
polyvinyl phenol, polyvinyl alcohol or polymethylmethacrylate (PMMA). 

Advantageously, the organic material may comprise a conjugated molecule or 
conjugated polymer. 

Preferably, the solvent comprises at least one of methanol, ethanol, 
dimethylimadizolinidine, butanol, 1-propanol or 2-propanol. 

Most preferably, the underlying material is supported on a substrate which may 
comprise rigid glass, plastics or silicon or, alternatively, a web of spoolable plastics material. 

By using the above method an electrode array, such as a cathode array, may be 
fabricated for a display device. 
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In an alternative arrangement the material comprises an organic material, the further 
material comprises a further organic material and the substance comprises a solvent for the 
organic material. 

Preferably, the organic material comprises a non-polar organic material and the further 
organic material comprises a polar organic material or an organic material suspended in a 
polar solvent so as to provide self alignment of the further organic material on the exposed 
area or areas of the underlying material when deposited from the print head. 

Advantageously, the further organic material comprises a conductive organic material. 

Preferably, the conductive organic material comprises Poly-3, 4-ethylene 
dioxythiophene. 

In a preferred arrangement the method comprises dry etching using a plasma of 
fluorinated carbon prior to the deposition of the further material which advantageously may 
be preceded by dry etching using a plasma of oxygen. 

Preferably, the organic material, which may comprise a non polar polymer, is removed 
with a solvent, which may comprise a hydrocarbonic solvent. 

In a most preferred arrangement, the underlying material comprises a substrate, which 
may comprise rigid glass, plastics or silicon or, alternatively, a web of a spoolable plastics 
material. 

In accordance with the above alternative arrangement, an electrode array, such as an 
anode array, may be fabricated for a display device. 

Advantageously, the method may further comprise providing an overlayer of 
polyvinyl phenol, polyvinyl alcohol or polymethylmethacrylate (PMMA). 

The overlayer may also comprise a conjugated molecule or a conjugated polymer. 



Alternatively, the substance may react chemically with the material to form a further 
substance for removal by washing. 



Preferably, the material comprises a non-transparent material, the substance comprises 
an alkyl solution or an acid solution and the material comprises a metal soluble in the alkyl 
solution or the acid solution. In the above manner, it is possible to fabricate an etch mask or a 
shadow mask. 

According to a second aspect of the invention there is provided a display device 
comprising an electrode fabricated in accordance with the above first preferred arrangement 
and/or an electrode fabricated in accordance with the above alternative arrangement. 

The display device may advantageously comprise an organic polymer emissive layer 
including polyfluorene or copolymer of fluorene in combination with a conjugated molecule 
group. 

In a third alternative arrangement, the material may comprise a fluorinated polymer 
layer and the substance comprises a fluorinated organic solvent for dissolving the fluorinated 
polymer layer thereby to provide a dewetting bank structure in the fluorinated polymer layer. 

According to an alternative aspect of the invention, there is provided a dewetting bank 
structure fabricated by a method in accordance with the third alternative arrangement. 

In a further aspect of the present invention, the further material may comprise DNA or 
a protein. 

Embodiments of the present invention will now be described, by way of further 
example only and with reference to the accompanying drawings in which:- 

Figure 1 is a diagrammatic illustration of an organic polymer display device. 

Figure 2 is a diagrammatic illustration of a known photolithographic patterning 
technique. 
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Figure 3 is a schematic illustration showing the use of a metal shadow mask for 
cathode patterning. 

Figure 4 is a diagrammatic illustration of prepatterned mushroom shape dividers for 
cathode patterning. 

Figure 5 is a diagrammatic illustration a polymer mask fabricated by inkjet deposition. 
Figures 6 A to 6F show diagrammatically the process of inkjet etching of an organic 
polymer layer. 

Figures 7 A and 7B show diagrammatically one of the benefits arising from etching 
with a substance for which an underlying layer is able to act as an etch stop layer for the 
substance. 

Figure 8 illustrates plots of layer thickness achieved during inkjet etching. 

Figures 9A and 9B illustrate how the present invention can be employed to fabricate 
relatively long but very narrow etched lines in a material. 

Figures 10 to 1 OH illustrate diagrammatically an embodiment of the present invention 
for the fabrication of a cathode for the display device shown in figure 1. 

Figures 1 1 A to 1 IF illustrate diagrammatically a further embodiment of the present 
invention for the fabrication of an anode for the display device shown in figure 1 . 

Various aspects of the present invention will now be described with reference to the 
fabrication of an anode and a cathode for organic polymer electroluminescent and 
photoluminescent display devices by the use of inkjet etching. 

Referring to figure 1, an organic polymer display device comprises a substrate 2, such 
as glass or plastics material, supporting an anode 4 in the form of an array of horizontal row 
electrodes of conductive material, such as ITO, Zn02, or a thin metal film, which is semi- 
transparent. An organic polymer layer 6 is provided to overly the anode 4. The layer 6 might 
typically comprise small molecules of Alq3 or a conjugated polymer mix of F8/F8BT/TFB, 
where F8 is [poly(9,9-dioctylfluorene)], F8BT is [poly(9,9-dioctylfluorene-co-2,l,3- 
benzothiadizole)] and TFB is [poly(9,9-dioctylfluorene-co-N-(4-butylphenyl) 
diphenylamine)]. These conjugated polymers are derivatives of polyfluorene, and they are 
soluble in organic solvents, such as chloroform, toluene and xylene. Spin coating is used to 
make a monochrome display, and inkjet deposition techniques have been developed to deposit 
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different polymers for multi-colour display. A cathode 8, in the form of an array of vertical 
column electrodes of a conductive material, is provided on the polymer layer 6. In order to 
assist electron injection into the polymer materials, low work function elements typically 
having a work function of less than about 4.0 electron volts, such as, Ca, Li, Mg, Al, Ti, and 
rare-earth elements are used for the cathode electrodes. These elements are chemically 
unstable in general. 

In a typical display device the anode 4 may be fabricated by depositing a layer of ITO 
onto the substrate 2 and then etching the ITO layer using a conventional photolithographic 
process. Such a process can achieve very high resolution and can be readily used because the 
anode 4 is formed directly on the substrate, which is usually glass, plastics or silicon. 
However, photolithographic techniques are relatively complex and are time consuming and 
costly to implement. Additionally, this complexity is enhanced with increase in the size of 
display as the photolithographic mask becomes extremely difficult to fabricate to the required 
definition over all areas of the mask. Hence, such techniques are not ideally suited to even the 
fabrication of the anode in an organic polymer display as the lower cost benefits of the 
organic polymer materials, and in particular in the production of larger size displays, cannot 
be fully realised. 

Photolithographic patterning of a layer, such as the patterned layer 10 illustrated 
schematically in figure 2, which typically could comprise the cathode shown in figure 1, can 
be achieved in conventional LCD or LED displays by using a photoresist in combination with 
either dry or wet etching to selectively remove the unwanted areas 12 to provide the required 
pattern in the patterned layer of the photoresist 10. Alternatively, the photoresist layer may be 
used in combination with an evaporation or "lift-off' technique to achieve the required 
pattern. Such techniques are well known in the art and will not, therefore, be described 
further in the context of the present invention. However, as can be seen from figure 1 , in an 
organic polymer electroluminescent display the cathode 8 overlies and is in contact with the 
organic polymer layer 6. Hence, for the fabrication of the cathode 8, very severe difficulties 
and drawbacks are encountered if a photolithographic technique is utilised. 
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Because the layer 6 is in an organic material, it will react with the chemicals used in 
the photolithographic process, such as the photoresist solution, the developer, and the stripper 
used to strip the photoresist layer after patterning of the layer. For example, the organic 
material of the layer 6 may be dissolved and/or it may be doped by the photoresist materials. 
The doping can take many forms but typically this can give rise to quenching or site trapping 
within the organic material. Furthermore, UV light, which is used for the exposure of 
photoresist, can give rise to photo-oxidation or bonding defects in the organic layers. These 
not insignificant difficulties arising from the reaction of the organic polymer materials to the 
conventional photolithographic process are far more serious than the actual cost burden of the 
process itself, because the actual performance quality of the organic materials is seriously 
degraded by the use of the process; i.e. a lower performance display is created but with high 
fabrication costs. 

The use of metal shadow masks has also been proposed for cathode patterning. As 
can be seen from figure 3, this process involves the use of an apertured metal mask 14, 
usually of stainless steel. The cathode material is deposited by evaporation deposition but the 
mask 14 is spaced slightly from the organic layer so as to prevent the metal mask from 
contaminating the organic layer and from creating defects in the organic layer. As the 
evaporated material passes through the apertures 1 8 in the mask its deposition angle can 
change in direction, depositing material over a wider area than that defined in the mask and 
giving poor resolution for the deposited cathode. Furthermore, the mask must necessarily be 
a negative image of the actual required cathode pattern so the mask comprises only relatively 
thin strips of metal (corresponding to the spacing between the elements in the cathode array) 
arranged between relatively large apertures. For this reason the mask is not mechanically 
robust and cannot be used to fabricate cathodes for large area displays. If the mask is made 
more robust by providing wider strips of metal, there is a corresponding increase in the 
spacing between adjacent electrodes of the cathode, which reduces the emissive area and the 
resolution of the display. Additionally, a parallel deposition beam is necessary over the entire 
area of the display. As will be appreciated, as the display area is increased, it then becomes 
necessary to increase the distance between the source of cathode material and the target 
substrate in order to ensure that a parallel material beam is provided throughout the relatively 
large deposition area. The deposition chamber becomes, therefore, large in size and 
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furthermore, most of the evaporated material deposits on the walls of the chamber and not on 
the target substrate. Both of these factors increase processing costs and, hence, the cost of the 
final display device. Additionally, to enable the shadow mask to be reused, material which is 
deposited on the shadow mask must be removed to maintain the required definition of the 
apertures 1 8 in the mask. Cleaning of the shadow mask can also be problematical, giving rise 
to further increased production costs for the display device. 

Pre-patterned mushroom shape dividers 20, as shown in figure 4, have also been 
proposed for cathode patterning. The mushroom shape dividers are formed on the substrate, 
with the subsequent deposition of the organic polymer material 6 and the cathode 8. With 
these mushroom-shaped dividers, it is possible to form cathode columns, which are 
electrically isolated from each other, without the use of a metal shadow mask. However, the 
mushroom shape dividers 20 are usually fabricated by a combination of a photolithographic 
process and an isotropic etching process, which requires a mask and is a relatively lengthy 
and, therefore, expensive process. Furthermore, in view of the angle of the deposition beam 
required to deposit the cathode material, deposition of the material onto side surfaces 22 of 
the mushroom shape dividers 20 may occur due to the obliquely incident deposition beam, 
giving short circuits between the cathode columns. These difficulties increase with the size of 
the display area because the evaporating deposition process for a large area requires a more 
oblique deposition beam than for a small area. It follows, therefore, that such dividers are not 
suitable for large area patterning of cathodes. 

The use of an inkjet printed shadow mask of an inert polymer has also been proposed 
for the fabrication of a patterned cathode on the emissive organic polymer layer. The polymer 
mask 24, a portion of which is as shown in figure 5, is printed as a series of lines onto the 
organic polymer layer, the spacing between the inkjet printed lines determining the width of 
the electrodes in the subsequently deposited cathode. The inert polymer mask 24 in the bump 
areas shown in figure 5 is lifted off using a weak adhesive tape. However, in such an 
arrangement, the line width of the inkjet deposited mask is relatively large, typically greater 
than 100 microns, which reduces the emissive areas in the final display. This is highly 
undesirable, especially in high definition displays. This line width arises because it is difficult 
to draw narrow lines with an inkjet patterning technique due to spreading of deposited 
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solution on the surface. The spreading of the solution of the inert polymer also results in thin 
thickness in the deposited material, which makes it difficult to apply the conventional lift-off 
technique. Additionally, the process also gives rise to a relatively high density of defects, 
again affecting image resolution. 

The above concerns exist not only with organic polymer displays but also with the 
fabrication of other electronic devices, but in particular those incorporating organic 
semiconductor materials. Furthermore, as stated previously, the patterning of relatively long 
but extremely narrow lines has always proved problematical because the etch masks cannot be 
provided with sufficient mechanical robustness to accurately define such lines. The present 
invention seeks to provide a solution to these concerns with the known techniques by 
depositing an etchant onto the material to be etched in the form of droplets. If the deposition 
of the droplets can be adequately controlled, and the etchant is chosen so as to dissolve or 
react chemically with the material to be etched, very fine and accurately defined patterns may 
be etched in or through the material without the requirement of a photolithographic or shadow 
mask. 

It has been realised with the present invention that such accurate deposition of the 
etchant can conveniently be achieved through the use of a print head of the type having a 
nozzle from which the material may be ejected as a series of droplets. A readily available 
print head of this type is an inkjet print head and the present invention will be subsequently 
described with reference to such a print head. However, it is to be realised that other 
mechanisms can also be used to carry out the method of the present invention such as the use 
of a very fine, for example a micro-pipette, moved under computer control over the surface of 
the material to be etched. Typically, the nozzle used to carry out the method of the present 
invention will have an ejection orifice of less than about 1 00 microns diameter. 

Additionally, the present invention is also described below with reference to the use of 
a solvent as the etchant material. However, it should also be appreciated that the etchant may 
equally comprise a substance which reacts chemically with the material to be etched to 
provide a further material which can, for example, be removed by washing. 
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Referring now to figures 6A to 6F, the present invention will be described with 
reference to the principle of inkjet etching to pattern holes or lines in an organic layer. This 
principle of etching, in particular by the use of an inkjet print head, has been found to be 
particularly advantageous because, as will become apparent from the following description, 
the use of such inkjet print heads for etching enables both an anode and a cathode for a 
display to be fabricated without the use of photolithography or shadow masks. For organic 
polymer displays in particular, this becomes increasingly important with increase in display 
area as the difficulties, and hence the costs of using known processes utilising photo or 
shadow masks, increases significantly. 

Figures 6 A to 6F illustrate the principle of such inkjet etching with respect to a layer 
of material which may comprise an organic polymer material for use in an organic polymer 
display. However, it is to be appreciated that the principle of inkjet etching is not limited to 
the fabrication of such materials or such displays but may be used in any application where it 
is necessary to define precise patterns in a material, such as in the fabrication of masks (for 
example, optical shadow masks) or the fabrication of dewetting bank structures, also used in 
the fabrication of electroluminescent displays. 

As can be seen from figure 6A, the substrate 2 supports the layer 6 of 
photoluminescent non polar organic polymer material, which may comprises polyfluorene or 
a copolymer of fluorine in combination with a conjugated molecule group, such as F8, F8BT 
or TFB or any blend thereof. The layer 6 can be applied by spin coating or inkjet deposition 
of a solution in which a non-polar organic solvent, such as toluene, xylene, mesitylene, or 
cyclohexylebenzene, is used. A further layer 26 of a polar organic material, such as 
poly(vinylphenol), (PVP), poly(vinylalcohol) (PVA) or polymethylmethacrylate (PMMA), a 
conjugated molecule or conjugated polymer or a copolymer thereof, is deposited onto the 
photoemissive layer 6. The layer 26 is typically about 1 micron in thickness. A polar solvent, 
such as methanol, ethanol, butanol, isopropanol 1-propanol, 2-1 propanol acetone or 
dimethylimidazolidinone, is deposited onto the layer 26 from an inkjet print head 28 as a 
series of droplets, two of which, droplets 30 and 32, are shown in figures 6A to 6F. 
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It has been found in the present invention that inkjet deposition of etching substances 
forms a quite unique thickness profile when the etchant has dried or evaporated. There is 
most of the material to be etched contained in the edge region of the droplet after deposition 
onto a solid surface, and there is relatively little of the material in the middle region of the 
droplet. This behaviour is due to nucleation of the material on the edge region and the 
following growth of the material. The edge of the droplets has the thinnest thickness of the 
solution and the vapour pressure above the edge is less than above the middle region. 
Therefore, solution around the edge has a higher concentration during the drying process, and 
this results in the nucleation of the material on the edge and, as a result, most of the material is 
deposited around the edge. This gives rise to a ring-shaped thickness profile which can 
create severe practical difficulties for certain applications of inkjet deposition, but for inkjet 
etching, such deposition at the edge of a droplet can be used to beneficial effect, as will 
become apparent from the following description. 

When the first droplet of solvent 30 is deposited onto the layer 26, the droplet tends to 
spread laterally and there is partial dissolving of the layer 26 into the solvent, as shown in 
figure 6B. As the solvent evaporates, a ring 34 of the polymer material of the layer 26 builds 
up around the edge of the droplet 30, as shown in figure 6C. This is due to the growth of the 
polymer around the edge during the drying process. The edge of the droplet 30 shown in 
figure 6B acts as nuclei for the growth of the polymer. As shown in figure 6D the second 
droplet 32 of solvent is then deposited into the ring 34 created by the deposition of the first 
droplet. From figure 6E, it can be seen that the ring 34 acts to contain the second droplet 32 
and prevent lateral spread of the solvent. The second droplet 32 etches further into the layer 
26 and as the solvent evaporates, the height of the ring 34 is increased, as shown in Figure 6F. 
Any subsequent droplets of solvent are likewise retained by the ring 34 until the layer 26 is 
etched through to expose an area 36 of the underlying material comprising the layer 6. Also, 
it should be noted that when only the first solvent droplet is able to dissolve the polymer right 
through to the bottom of the layer and etching to the underlying material has effectively been 
achieved with a single droplet, the second and subsequent droplets are not necessarily 
required. The subsequent droplets, however, after reaching the bottom of the etched hole, can 
be useful to eliminate the polymer material completely from the base of the hole created. This 
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can be particularly beneficial when the underlying material has an uneven surface, as shown 
in Figures 7 A and 7B. 

From Figures 7 A and 7B it can be seen that the layer 6 has an uneven surface. When 
the area 36 of the layer 6 is reached by the solvent droplets, small peaks of the layer 6, shown 
as peaks 6a in Figure 7A, first become exposed. However, small areas of the layer 26, shown 
by dark areas 26a in Figure 7A, remain between the peaks 6a of the layer 6. Because the 
solvent is chosen such that it will dissolve the material of the layer 26 but not the material of 
the layer 6, i.e. the material of the layer 6 acts as a natural etch stop for the solvent etchant, 
the subsequent droplets of solvent can be used to eliminate the areas 26a from the area 36 
without concern about etching the layer 6, to leave a hole in the layer 26 with a base, 
comprising the surface of the layer 6, which is not contaminated with areas of the material of 
the layer 26, as shown in Figure 7B. 

Figure 8 shows measurements resulting from scanning across a nucleation ring formed 
by inkjet deposition of, respectively, 1, 3 and 8 solvent droplets onto a relatively thick organic 
insulator layer, such as the layer 26, which may comprise PVP, referred to in Figures 6A to 
6F. What is interesting to note from the plots shown in Figure 8 is that as further droplets of 
solvent are inkjet deposited onto the layer, the width of the hole etched into the layer tends to 
be better defined with wall structures which have relatively large angles. Furthermore, the 
etched hole size at a depth within the hole or ring approximately level with the surface of the 
layer external to the ring tends to decrease with the deposition of further droplets. This is due 
to some of the material dissolved in the solvent in the lowermost regions of the etched hole 
being re-deposited onto the wall surfaces of the hole as the solvent evaporates. This is 
considered to be a particularly advantageous aspect of inkjet etching as very narrow and well 
defined patterns can be etched in the layer to be patterned. 

By utilising this aspect of inkjet etching, patterns or lines can be etched having a width 
less than the diameter of a droplet of the solvent when deposited onto the layer 26. It should 
be noted that this aspect of inkjet etching can be used for both solvents which dissolve the 
material to be etched or substances which etch by reacting chemically with the material to be 
etched. 
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With current inkjet heads, droplets of solvent having a diameter of about 30 microns 
can be ejected from the nozzles of the head. However, such solvents typically have a contact 
angle of about 8° and thus a deposited solvent droplet typically assumes a diameter of about 
60 to 70 microns, once deposited onto a layer of material. 

Referring to Figure 9A, which shows a trough or channel formed in the layer 26 by 
inkjet etching, the channel has a width, shown as A, which is determined principally by the 
diameter of the deposited droplets of solvent, the type of solvent, and the wettability of the 
surface of the layer 26. When subsequent droplets of solvent are selectively deposited to 
cover boundary portion 37a of the channel, the material of the layer 26, which forms the 
boundary portion 37a, is dissolved in the subsequent droplet of solvent. The material of the 
layer 26 flows within the droplet and concentrates towards the edge of the droplet - this is the 
principal by which the boundary portion 37a (also known as a nucleation edge) was created 
during etching of the channel in the layer 26. Hence, as subsequent droplets of solvent are 
deposited onto the boundary portion 37a, the boundary portion can be caused to migrate 
towards boundary portion 37b, located on the opposite side of the channel, thereby to reduce 
the width A of the channel. This is shown by a shift B in Figure 9B. In this manner very 
narrow lines or channels can be fabricated by etching which have a width narrower than the 
diameter of a deposited droplet of solvent. Furthermore, once the channel is reduced to the 
required width by the above technique, the process may be repeated in a position offset from 
the channel, for example, to the right of the subsequent droplet as shown in Figure 9A, so as 
to create a very narrow ridge of the material of the layer 26 between adjacent channels, the 
channels each having a width smaller than the diameter of the droplets of solvent as deposited 
onto the surface of the layer 26. 

The following example explains strip-shaped cathode patterning on the photoemissive 
organic layer in an organic light emitting device by way of inkjet etching and a lift-off 
technique. 

Figures 10A to 10D illustrate the patterning of a narrow line in the layer 26 of organic 
insulator material, for example PVP, overlying the layer 6 of photoemissive organic polymer 
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supported on the substrate 2. As can be seen from Figure 10B, the inkjet print head (not 
shown) is moved over the surface of the layer 26 to deposit a plurality of droplets of the 
solvent, such as methanol, ethanol, and propanol. Preferably, the droplets are deposited so 
that adjacent droplets partially overlap each other. In this manner, a narrow trough or channel 
is created in the layer 26 and the process is repeated until the solvent etches completely 
through the layer 26 to expose the elongate strip area 38 of the layer 6. The inkjet head is 
then moved laterally across the surface of the layer 26 and the process is repeated to etch 
subsequent troughs in the layer 26, adjacent troughs being separated by elongate ridges 40 of 
the PVP organic insulator material. The resulting structure is shown in Figure 10F. It should 
be noted that because the PVP organic insulator material of the layer 26 is a polar organic 
material, and the photoemissive organic material of layer 6, such as F8, is a non-polar organic 
material, the solvent used to dissolve and etch through the layer 26 will not dissolve the layer 
6. Hence, the layer 6 acts as a natural etch stop layer for the inkjet etching process. By using 
inkjet etching of the layer 26 as described above, ridges 40 having a width of less than 10 
microns at the base can be easily achieved. 

In principle, it is possible to deposit lines of material by inkjet deposition of a solution 
of the material. However, in practice it is extremely difficult to deposit material in narrow 
lines whose width is about 10 microns by inkjet deposition. Even if the diameter of a 
deposited droplet is 10 microns, which is a very small size even for a state-of-the-art inkjet 
head, this 1 0 micron droplet spreads up to more than 20 microns on a substrate. The resulting 
line width is more than 50 microns from a water-based solution, which has a high surface 
tension resulting in less spreading, and more than 100 microns from a non-polar organic 
solvent based solution. This aspect of spreading of solution is disadvantageous but with 
appropriate control of the positioning of the print head a solution to this limitation can be 
provided, as has been described with reference to Figures 9A and 9B, to enable such very 
narrow lines to be achieved. 

Also, in some cases, there can remain a very thin PVP layer between the ridges 40 on 
photoemissive layer 6. This thin PVP layer could lower the efficiency of light emitting 
devices when cathode metal is deposited on this thin layer. However, this thin layer can be 
eliminated by multiple deposition of the solvent into the region between the ridges 40. 
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Adding a small amount of a solvent of photoemissive layer 6, such as toluene or xylene, to a 
solvent of PVP is also very effective to remove the very thin PVP layer from the surface of 
the layer 6. For example, a mixture of isopropanol 98% and toluene 2% can be used as the 
solvent for inkjet etching. Toluene in the mixture etches the photoemissive layer 6 very 
slightly, and this promotes complete removal of the PVP layer from the surface of 
photemissive layer 6. 

A layer 42 of conductive material, such as a bi-layer of calcium and aluminium having 
a work function of less than about 4.0 electron volts, is then deposited over the ridges 40 of 
the PVP organic insulator material. It can be seen that the inkjet etching of the layer 6 creates 
elongate ridges 40 with steep side portions. Hence, layer 42 deposits much more thickly in the 
base areas of the troughs between the ridges 40 than in regions 44 on the steep side walls of 
the ridges 40, as can be seen from Figure 10G. The conductive layer 42 can be deposited 
using any suitable process, such as by sputtering or evaporation deposition. The structure 
shown in Figure 10G is then washed in a polar solvent for the PVP material of the ridges 40, 
such as methanol, ethanol, acetone, or propanol. This lift-off process is possible because the 
layer 42 is relatively thin or may contain small perforations in the regions 44, so the solvent is 
able to reach and dissolve the ridges 40 to create an array of conductive strips 46 overlying 
the photoemissive organic polymer layer 6, as shown in Figure 10H. The lift-off process can, 
if necessary, be performed with a sonic bath in which ultra-sonic agitation can be applied to 
break down the conductive layer 42 in the regions 44 and to assist the exposure of the ridges 
40 to the solvent. 

It will be appreciated that the conductive strips 46 can be used as a cathode for the 
photoemissive organic polymer layer 6 and that the cathode has been fabricated, through the 
use of inkjet etching, without the need for expensive and difficult photo masks or shadow 
masks. The solvent used in inkjet etching does not affect the surface of the emissive layer 6 
because the organic material for the emissive layer 6 is not soluble in the etching solvent and 
because it is possible to remove the patterning material (for example PVP) from the surface of 
the emissive layer 6 as mentioned above. Furthermore, because the ridges can be defined to a 
width of less than 10 microns, there is very little loss of display area. For example, 20 
microns width of spacing area between cathode strips with 100 microns pitch for the strips 
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can be achieved very easily by inkjet etching and a lift-off technique and this gives an 
emissive area ratio of 80%, which is sufficient to provide a very bright and efficient organic 
light emitting display. 

The principle of inkjet etching can also be used very advantageously in the fabrication 
of anodes for electroluminescent displays which, as stated previously, are usually fabricated 
by conventional photolithographic techniques using photo masks, which do not lend 
themselves easily to the fabrication of large area displays. This process will now be described 
with reference to Figures 1 1 A to 1 1 F. 

In the above described example of the present invention, polyvinyl phenol)(PVP) is 
used as the material for patterning, but this does not mean PVP is the only material useful for 
inkjet etching. Inkjet etching is available for a layer made of any soluble material or mixture 
of materials by using solvents which have good solubility for the layer. An important 
consideration for the patterning material is to use a material whose solvent does not 
substantially dissolve and affect an underlying layer or substrate. With this condition, the 
underlying layer or the substrate can act as an etch stop layer, so inkjet etching can be carried 
out with the added advantage of not being concerned about over or under-etching. Also, not 
only strip shapes but also dots, or any arbitrary pattern can be etched by control of etchant 
ejection and translation of the inkjet head. 

Referring to Figure 1 1 A, for anode electrode fabrication the substrate 2 carries a layer 
48 of a non-polar organic material, such as polystyrene, polyethylene, polyisobutylene, 
poly(p-methyl styrene), polypropylene or F8. The substrate 2 is typically a glass substrate or 
a plastics substrate although silicon may also be used. The layer 48 can, typically, be 
provided by spin coating. As with the procedure described above for the formation of the 
cathode with reference to Figures 10A to 10H, an inkjet print head is used to selectively 
deposit droplets of a solvent for the layer 48. From Figures 1 1 A to 1 1 C, it can be seen that 
droplets 50 of a non-polar hydrocarbon solvent, such as toluene or xylene, are deposited onto 
the layer 48, whereby a series of troughs are etched in the layer 48 to create ridges 52 of the 
non-polar material supported by the substrate 2. To this stage the process is the same as that 
described above in relation to cathode fabrication except that different materials are used. The 
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resulting structure can be seen in Figure 1 1C. Plasma treatment with oxygen can be carried 
out in order to make the surface of the substrate more wetting for polar solutions. The inkjet 
print head 28 is then used to deposit droplets 54 of a conductive polar polymer, such as 
Poly(3 Methylene dioxythiophene) (PEDOT) or polypyrrole, polyaniline, dissolved or 
suspended in a polar solvent, such as water. The ridges 52 are of a non-polar material so the 
droplets 54 do not dissolve or react with the ridges but are confined within the troughs 
between the ridges 52. The regions between the ridges 52 have a wetting surface for a polar 
solvent which can be enhanced by the plasma treatment with oxygen and, on the other hand, 
the non-polar ridges 52 show a dewetting property with a polar solvent. When droplets of the 
conductive polar polymer solution are deposited onto the substrate (having a good wetting 
surface) between the dewetting ridges 52, the polar solution is spontaneously confined 
between the ridges due to the difference in the wetting properties between the surfaces of the 
substrate and the ridges. This self-alignment mechanism is favourable to prevent the 
formation of short circuits between the conducting strips even if the width of the ridges 52 is 
very small, because the conductive polar polymer is confined to the areas between the ridges 
and does not deposit over the ridges. 

Plasma dry etching using a vapour of fluorinated carbon such as CF4 can be applied 
after inkjet etching to remove any very thin residual layer of the non-polar material from the 
surface of the substrate 2. The plasma can etch the very thin residual layer. Furthermore, the 
surface of ridges 52, which is of organic material, is fluorinated by the vapour of fluorinated 
carbon, resulting in a very dewetting surface for polar solution. When the substrate is of 
inorganic material such as glass, this surface is not fluorinated. This results in a wetting 
surface for the regions between the ridges. This further enhances the self-alignment of the 
conductive polar polymer between the ridges, reducing further the possibility of short circuits 
between adjacent electrodes. The self-alignment behaviour due to the difference in 
wettability can, therefore, be enhanced by the use of such plasma etch steps. 

The polar solvent evaporates off to leave strips 56 of the conductive material separated 
by the ridges 52 of the material, as shown in Figure 1 IE. The structure shown in Figure 1 IE 
can then be washed in a non-polar solvent to dissolve the ridges 52 of non-polar material to 
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leave the elongate strips 56 of conductive polar material on the substrate 2, as shown in Figure 
11F. 

Conducting polymer material such as PEDOT, being relatively transparent and 
conductive, can be used to fabricate the strips 56, which may therefore be used as an anode 
for a display device and, in particular, an electroluminescent display device. 

As will be appreciated, the structure shown in Figure 1 IF can be coated with a layer 
of photoemissive organic polymer, such as the layer 6 of F8 of Figures 10A to 10H, followed 
by a layer of an inert polymer, such as PVP layer 26 of Figure 8A. The layer 26 can then be 
etched using an inkjet print head and suitable solvent as described with reference to Figures 
10A to 10H, to provide a cathode for the display. 

It can be seen from the above description that by using an inkjet print head very well 
defined patterning of the various layers can be achieved by etching with an appropriate 
selectively deposited solvent. Hence, such inkjet etching can be used for fabrication of the 
cathode electrode or the anode electrode, or both, for a display without the use of etch masks 
or shadow masks. 

Dry or wet etching after inkjet etching is also useful to make patterns in a substrate or 
underlying layers. For example, when a structure such as a substrate with the ridges 52 is 
dry-etched with oxygen plasma, troughs are formed in the substrate. By combining inkjet 
etching and conventional etching, it is possible to make patterns even in a non-soluble 
material at a low cost. 

As will also be appreciated, the method of the present invention is of particular benefit 
in fabricating large area displays. As such, the invention is not limited to etching layers 
supported on rigid substrates such as glass, but may equally be used on plastics substrates. 
Furthermore, as an inkjet print head is used to etch the patterns in the various layers, the 
invention can be used with materials which are supported on a web or roll of a spoolable 
plastics substrate. Such a substrate can be fed from a supply spool to a take up spool past 
various processing stations where the various layers are laid down, possibly by using an inkjet 
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print head, and subsequently etched, also by the use of an inkjet print head, to provide 
continuous fabrication of a display device on the web of material. The plastic web may then 
be sub-divided to provide discrete displays. 

Furthermore, it should be realised that inkjet etching is not limited to defining patterns 
in materials which can be dissolved in a solvent deposited by the inkjet print head. Etchants 
in the form of substances which cause some chemical reaction with the layers to be etched can 
also be used. For example, a bi-layer of calcium and aluminium can react with sodium 
hydroxide. Hence, the selective deposition of sodium hydroxide by an inkjet print head onto 
aluminium will leave a pattern of aluminium hydroxide on the surface, which can be washed 
out with water. Therefore, inkjet etching can be used for the patterning of metal layers or the 
fabrication of masks by appropriate selection of the substance for use as the etchant. Inkjet 
etched masks can be used for further dry or wet etching or chemical doping of an underlying 
layer. Furthermore, optical shadow masks can also be fabricated by inkjet etching of a non- 
transparent soluble layer. 

Additionally, it is known to use a bank structure for the fabrication of organic polymer 
LED displays. Usually, the dewetting bank structure is in the form of an array of wells in the 
bank material which can confine even deposited solutions from a non-polar solvent, which in 
general have a low contact angle and tend to spread over the surface on which they are 
deposited. The bank structure can also be advantageously formed by, for example, etching a 
fluorinated polymer layer with inkjet deposited fluorinated organic solvents to provide the 
dewetting bank structure. 

It has also been proposed to use hydrophilic and hydrophobic patterned surfaces as 
templates for DNA or protein arrays. The hydrophilic regions aid to contain small volumes of 
different DNA or protein solutions placed on them using an automated pin-tool loading 
strategy. The method allows for efficient attachment, manipulation, and hybridisation of 
DNA strands or protein on the surface of an array. However, whilst the attachment chemistry 
of the DNA strands or proteins to the surface is vital, the formation of the patterned substrate 
is also an essential aspect to ensure that the substances under test can be precisely placed onto 
the array element. Typically, such array elements have been proposed to be fabricated using 
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photolithographic techniques. However, the patterned surface of such array elements can also 
be fabricated using the method of the present invention and, furthermore, the DNA or protein 
samples under test can also be deposited onto the patterned surface using the method of the 
present invention. 

Whilst the present invention has been described with reference to examples in which the 
material is etched through to expose areas of an underlying material or substrate, it should 
also be appreciated that the present invention can also be employed to advantageous effect 
when it is required only to etch into and not through the material, thereby to provide an etched 
pattern extending into the material. The pattern thus created can also then be arranged to 
receive a further material using the method of the present invention by, for example, the use 
of an inkjet print head. 

The aforegoing description has been given by way of example only and it will be 
appreciated by a person skilled in the art that modifications can be made without departing 
from the scope of the present invention. 



CLAIMS: 

1 . A method of etching a material comprising depositing onto the material in the form of 
droplets a substance for dissolving or reacting chemically with the material. 

2. A method as claimed in claim 1 wherein the substance is deposited from a print head 
of the type having a nozzle from which the material may be ejected as a series of droplets. 

3. A method as claimed in claim 2 wherein the nozzle has an ejection orifice of less than 
about 100 microns diameter. 

4. A method as claimed in any one of claims 1 to 3 comprising etching through the 
material to expose an area of an underlying material. 

5. A method as claimed in claim 4 wherein the underlying material comprises an etch 
stop layer for the substance. 

6. A method as claimed in claim 4 or 5 comprising etching an array of holes in the 
material thereby to provide an array of exposed areas of the underlying material. 

7. A method as claimed in claim 6 wherein the exposed areas of the array are 
substantially circular in shape. 

8. A method as claimed in claim 4 or 5 comprising exposing an area of the underlying 
material in the form of an elongate strip. 

9. A method as claimed in claim 8 comprising exposing a plurality of elongate strips of 
the underlying material. 
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1 0. A method as claimed in claim 9 wherein the elongate strips are substantially parallel 
so as to provide an array of substantially parallel elongate strips of exposed areas of the 
underlying material spaced by elongate strips of the material. 

11. A method as claimed in any one of claims 8 to 1 0 wherein the or each elongate strip 
has a width less than the diameter of a droplet of the substance upon deposition onto the 
material. 

12. A method as claimed in any one of claims 8 to 1 1 wherein the material includes 
boundary portions defining elongate sides of an elongate strip and wherein further droplets of 
the substance are deposited onto one of the boundary portions, thereby to cause the said one 
of the boundary portions to migrate towards the other boundary portion and reduce the width 
of the elongate strip. 

13. A method as claimed in any one of claims 4 to 1 2 comprising etching the exposed area 
or areas of the underlying material using a dry etch process. 

14. A method as claimed in any one of claims 4 to 12 comprising etching the exposed area 
or areas of the underlying material using a wet etch process. 

15. A method as claimed in claim 14 comprising etching the exposed area or areas of the 
underlying material by depositing a further substance from a print head of the type wherein 
the further substance is deposited from a nozzle in the form of droplets. 

1 6. A method as claimed in any one of claims 4 to 1 5 comprising depositing a further 
material into contact with the exposed area or areas of the underlying material. 

17. A method as claimed in claim 1 6 wherein the further material is deposited as a layer 
overlying the material and extending into contact with the exposed area or areas of the 
underlying material. 



18. A method as claimed in claim 15 wherein the further material is deposited by 
evaporation or sputtering. 



19. A method as claimed in claim 16 wherein the further material is selectively deposited 
in liquid form on to the exposed area or areas of the underlying material from a print head of 
the type in which the further material is deposited in the form of droplets from a nozzle. 

20. A method as claimed in claim 19 wherein the exposed area or areas of underlying 
material has a wettability for the further material which is greater than the wettability of the 
material for the further material so as to provide self alignment of the further material on the 
exposed area or areas of underlying material. 

21 . A method as claimed in any one of claims 1 6 to 20 comprising removing the material 
to provide an area or areas of the further material. 

22. A method as claimed in claim 21 wherein the material is removed by washing in a 
solvent. 

23. A method as claimed in any one of claims 4 to 1 7 comprising chemically doping the 
area or areas of the underlying material. 

24. A method as claimed in claim 21 when appendent to claims 1 6 to 1 8 wherein the 
material comprises an organic material, the substance comprises a solvent for the organic 
material and the further material comprises a layer of conductive material. 

25. A method as claimed in claim 24 wherein the conductive material comprises a 
material which has a work function of less than about 4.0 electron volts. 

26. A method as claimed in claim 24 or 25 wherein the underlying material comprises 
polyfluorene or copolymer of fluorene in combination with a conjugated molecule group. 



27. A method as claimed in any one of claims 24 to 26 wherein the organic material 
comprises polyvinyl phenol, polyvinyl alcohol or polymethylmethacrylate (PMMA). 

28. A method as claimed in any one of claims 24 to 26 wherein the organic material 
comprises a conjugated molecule or conjugated polymer. 

29. A method as claimed in claim 27 or 28 wherein the solvent comprises at least one of 
methanol, ethanol, dimethylimadizolinidine, butanol, 1-propanol or 2-propanol. 

30. A method as claimed in any one of claims 24 to 29 comprising exposing the 
conductive material to ultrasonic agitation to assist removal of the organic material. 

31. A method as claimed in any one of claims 24 to 30 wherein the underlying material is 
supported on a substrate. 

32. A method as claimed in claim 3 1 wherein the substrate comprises rigid glass, plastics 
or silicon. 

33. A method as claimed in claim 3 1 wherein the substrate comprises a web of spoolable 
plastics material. 

34. A method as claimed in claim 21, when appendent to claim 19 or 20, wherein the 
material comprises an organic material, the further material comprises a further organic 
material and the substance comprises a solvent for the organic material. 

35. A method as claimed in claim 34 wherein the organic material comprises a non-polar 
organic material and the further organic material comprises a polar organic material or an 
organic material suspended in a polar solvent so as to provide self alignment of the further 
organic material on the exposed area or areas of the underlying material when deposited from 
the print head. 
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36. A method as claimed in claim 34 or 35 wherein the further organic material comprises 
a conductive organic material . 



37. A method as claimed in claim 36 wherein the further organic material comprises Poly- 
3, 4-ethylene dioxythiophene. 

38. A method as claimed in any one of claims 34 to 37 comprising dry etching using a 
plasma of fluorinated carbon prior to the deposition of the further material. 

39. A method as claimed in claim 38 comprising dry etching using a plasma of oxygen 
prior to dry etching using a plasma of fluorinated carbon. 

40. A method as claimed in any one of claims 34 to 39 wherein the organic material is 
removed with a solvent. 

41 . A method as claimed in any one of claims 34 to 40 wherein the organic material 
comprises a non polar polymer soluble in a hydrocarbonic solvent. 

42. A method as claimed in any one of claims 34 to 4 1 wherein the underlying material 
comprises a substrate . 

43 . A method as claimed in claim 42 wherein the substrate comprises a rigid glass, 
plastics or silicon substrate. 

44. A method as claimed in claim 43 wherein the substrate comprises a web of a spoolable 
plastics material. 

45. A method as claimed in any one of claims 42 to 44 wherein the surface of the substrate 
is provided with an oxygen plasma pre-treatment. 

46. A method as claimed in any one of claims 34 to 45 comprising providing an overlayer 
of polyvinyl phenol, polyvinyl alcohol or polymethylmethacrylate (PMMA). 



47. A method as claimed in any one of claims 34 to 35 comprising providing an overlayer 
of a conjugated molecule or a conjugated polymer. 

48. A method of manufacturing an electrode for a display device comprising the method 
as claimed in any of claims 34 to 47. 

49. A method of manufacturing an electrode for a display device comprising the method 
as claimed in any one of claims 24 to 33. 

50. A method as claimed in any one of claims 1 to 23 wherein the substance reacts 
chemically with the material to form a further substance for removal by washing. 

51 . A method as claimed in claim 50 comprising removing the further substance by 
washing. 

52. A method as claimed in claim 50 or 51 wherein the material comprises a non- 
transparent material. 

53. A method as claimed in claim 52 wherein the substance comprises an alkyl solution or 
an acid solution and the material comprises a metal soluble in the alkyl solution or the acid 
solution. 

54. An etch mask fabricated using a method as claimed in any one of claims 5 1 to 53, or 
claim 50 when appendent to any one of claims 4 to 15. 

55. A shadow mask fabricated using a method as claimed in any one of claims 5 1 to 53, or 
claim 50 when appendent to any one of claims 4 to 15. 

56. A display device comprising an electrode fabricated in accordance with a method as 
claimed in claim 48. 



57. A display device comprising an electrode fabricated in accordance with a method as 
claimed in claim 49. 

58. A display device comprising an electrode fabricated in accordance with the method as 
claimed in claim 48 and an electrode fabricated in accordance with the method as claimed in 
claim 49. 

59. A display device as claimed in any one of claims 56 to 58 comprising an organic 
polymer emissive layer including polyfluorene or copolymer of fiuorene in combination with 
a conjugated molecule group. 

60. A method as claimed in any one of claims 4 to 7 wherein the material comprises a 
fluorinated polymer layer and the substance comprises a fluorinated organic solvent for 
dissolving the fluorinated polymer layer thereby to provide a dewetting bank structure in the 
fluorinated polymer layer. 

61 . A dewetting bank structure fabricated by a method as claimed in claim 60. 

62. A method as claimed in claim 16, 19 or 20 wherein the further material comprises 
DNA or a protein. 
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